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Artemia is unusual in having extracellular hemoglo¬ 
bins of M r 260,000 comprising two globin chains (M r 
130,000), each of which is a polymer of eight cova¬ 
lently linked domains of about M r 16,000. The amino 
acid sequence of one of these domains (El) has been 
determined. It has 147 residues and M r of 17,574 
including heme. Sequence alignment revealed 19.0% 
identity with sperm whale myoglobin, whereas other 
vertebrate and invertebrate globins had between 13 
and 24% identity. However, a much higher percentage 
of residues has a similar side chain character, suggest¬ 
ing that the domain El is very similar to other globins 
in showing the myoglobin fold. Template model build¬ 
ing based on the known three-dimensional structure of 
myoglobin further supports this conclusion. Con¬ 
versely, the differences between El and other globins 
are believed to reflect differences in the packing of the 
domains, first in a covalent polymeric subunit contain¬ 
ing eight hemes and subsequently by association of two 
of these subunits as dimers. 

These findings provide further evidence for the ver¬ 
satility of the myoglobin fold. 


The primary structure of invertebrate globins is available 
for only a limited number of species of the phyla Mollusca, 
Annelida, and Arthropoda. All those sequenced have con¬ 
tained polypeptide chains of M r about 16,000 binding a single 
heme group. Alignment of their sequences shows a definite 
relationship with their vertebrate counterparts (1-4). This 
has been confirmed by x-ray analysis of Chironomus, Glycera, 
and Scapharca hemoglobins which all clearly show the myo¬ 
globin fold (5-7). 

In contrast, no structural information has previously been 
available on covalent polymeric globin chains. These proteins 
with M, of about 32,000-300,000 and binding 2-16 heme 
groups are found in the extracellular hemoglobins of some 
mollusks and arthropods. It is suggested that they are, like 
the hemocyanins, polymers of structural and functional do¬ 
mains that resemble the low M r globin chains of the verte¬ 
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brates (for reviews see Refs. 8-11). 

Studies on globin evolution and phylogeny are detailed for 
vertebrate globins but rudimentary for invertebrate globins 
(12). Based on protein and gene structure, it is commonly 
accepted that all globins evolved from an ancestral chain of 
M r 16,000 (4, 13). However, the quaternary architecture can 
differ markedly depending especially on whether the molecule 
is intracellular or extracellular. Intracellular globins mainly 
have low M„ typically 16,000-68,000. In contrast, the extra¬ 
cellular hemoglobins of the invertebrates show a wide variety 
of Mr values, but their extracellular location makes a high 
value advantageous in minimizing excretion. A high M r has 
been achieved by different routes, exemplified in Annelida by 
the aggregation of many low M r chains into a functional 
hemoglobin (disulfide interactions being involved), or as sug¬ 
gested for some Mollusca and Arthropoda, by concatenation 
of the low M T chains into polymeric globins. The covalent 
polymeric globin chain is, however, a rare departure from the 
conventional globin, and it was not previously known whether 
the structure of a polymeric globin could be reconciled with 
the classical globin model (8-11). 

Artemia, a branchiopod crustacean and arthropod, has three 
extracellular hemoglobins. All three phenotypes have a native 
M, of about 260,000 comprising dimers of two globin chains 
(a and d) of similar size. They bind oxygen with low cooper- 
ativity. The (12 form, which has the highest oxygen affinity, 
is specifically and reversibly inducible by low environmental 
oxygen tension. The individual chains have M r of 130,000 
with a minimum M r of 16,000 calculated from amino acid 
composition and heme content, suggesting the presence of 
eight structural and functional units or domains. Cooperativ- 
ity is not expressed between different domains within the 
isolated polymeric subunit; it only exists between oxygen 
binding sites from different globin chains within the native 
dimer. 

Limited proteolysis of the native hemoglobins with subtil- 
isin resulted in a cleavage pattern compatible with a random 
cleavage of a polymer containing eight domains of M r about 
16,000. A collection of domains (fraction E) was isolated by 
gel filtration and then further purified to the individual com¬ 
ponents (El to E8) by isoelectric focusing or chromatofocus- 
ing (Table 1 (14-20)). 

We report below the amino acid sequence of a single do¬ 
main, El, isolated from Artemia hemoglobin. A combination 
of sequence alignments and molecular model building shows 
that this domain is homologous in primary and probably also 
in tertiary structure with the low M r globin chain types. 
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Fig. 6. The amino acid sequence of Artemia domain El shown with a diagram of the three- 
dimensional structure of Chironomus erythrocruorin. 


MATERIALS AND METHODS 1 
RESULTS 

The amino acid sequence of chain El was determined by 
automated Edman degradation of the amino-terminal seg¬ 
ment and by the manual sequencing of peptides obtained by 
cleavage with trypsin, chymotrypsin, Staphylococcus aureus 
V8 protease, and thermolysin. The data relevant in recon¬ 
structing the sequence are summarized in Fig. 5. 

The majority of residues are well documented, and each is 
confirmed several times. The exception was that no peptide 
could be obtained to overlap residues 134 and 135. However, 
we are confident that there were not any residues missing as 
the valine at position 135 must have been preceded by a 
glutamic acid to permit cleavage by S. aureus V8; furthermore, 
the amino acid composition of El predicts 147 residues in¬ 
cluding 21 of glutamic acid, and the final sequence is in 
agreement (Table 2). A digestion of peptide El with carbox- 
ypeptidase A indicates an alanine residue at the C terminus. 
This supports the location of peptide C3 at the C terminus, 
since alanine is not a chymotryptic cleavage point whereas 
C3 is generated by chymotrypsin. 

The proposed amino acid sequence (147 residues; M r 17,574 
including the heme) is presented along with a globin diagram 
in Fig. 6. 

DISCUSSION 

Comparison with all sequences in the NBRF data bank 
showed our El sequence to be most closely related to myoglo¬ 
bins. Many of the highly conserved features characteristic of 
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myoglobins, and familiar in varying degrees throughout the 
globin family (29), were evident in the sequence of domain 
El. As homologous proteins have regions which retain the 
same general fold and regions where the folds differ (3) we 
interpreted the sequence of El in terms of the “myoglobin 
fold” and constructed an alignment weighted in terms of the 
more obviously conserved residues (35) shown in Fig. 7. This 
alignment revealed that the areas of greatest discrepancy, 
both of length and of homology, occurred at the loops between 
the major helices and in the H region. (The standard num¬ 
bering system based on sperm whale myoglobin is used.) 
These discrepant regions were investigated by modeling with 
BRUGEL (30) using a fragment data base approach as de¬ 
scribed in the Miniprint. 

In particular the CD-D and FG regions could both be 
constructed using fragments from equivalent regions in Chi¬ 
ronomus globin IIIA whose sequence is also shown in Fig. 7. 
Homology with the El sequence can be traced in globins from 
diverse phyla, and an alignment with 15 sequences is provided 
in the Miniprint. Lumbricus and Vitreoscilla globins were the 
most difficult to align. Despite the tyrosine at C4 in the 
authors’ (34) alignment of Vitreoscilla, which would agree 
with Artemia , we prefer the alignment given in Fig. 8 because 
it fits better the template of Bashford et al. (35) manually 
applied. To avoid excessive gaps, the overall alignment em¬ 
phasizes spatial equivalence. Based on this alignment Artemia 
domain El revealed 19.0% identity with sperm whale myoglo¬ 
bin, whereas other vertebrate and invertebrate globins had 
between 13 and 24% (Fig. 8, Table 12). 

Region NA (Residues 1-9) —Compared to the vertebrate 
globins the Artemia El domain has an amino-terminal exten¬ 
sion of 7 residues. Similar extensions are observed in some 
other globins such as Anadara, Scapharca, and Petromyzon 
(Fig. 8); however, it is likely that in Artemia El this segment 
is part of the linker region connecting two adjacent domains. 

Helix A (Residues 10-25) —The high degree of homology 
with vertebrate myoglobin and hemoglobin chains in the 
region of residues A1-A16 indicates that this sequence is 
compatible with an equivalent of the A helix of globins gen¬ 
erally. The residue A8, a valine in the myoglobins, is replaced 
with isoleucine as in some a and 0 hemoglobin chains pre¬ 
serving a major hydrophobic excursion centered on residues 
A8-A9. Moreover, the conservation of the key residues A12, 
A14, A15, and the conservative substitution of A8 (together 
with G16 leucine to valine where helices A and G would cross) 
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suggests that the spatial relationship of the A helix to the rest 
of the molecule is similar to that in the myoglobin fold. 

Helical Regions B and C (Residues 27-45) —The key to the 
assignment of this sequence is the recognition of the critical 
heme environment which is mainly formed within the se¬ 
quence B13-B16 and C1-C5. Domain El is identical to the 
myoglobin at positions B13, B14, Cl, C2, and C3. All five 
residues are highly functionally conserved among the verte¬ 
brate and invertebrate globins (2, 12), especially the buried 
hydrophobic residues B13 and B14 and the C2 turn. In con¬ 
trast residues B15 and B16 are conspicuously variable. C4 
which is an almost invariant threonine in all vertebrate glo¬ 
bins but rather variable in invertebrate globins (2) is substi¬ 
tuted by a tyrosine in El. Modeling showed this substitution 
to introduce a number of close atomic contacts which could 
only be relieved by a concomitant adjustment of the tyrosine 
side chain and a number of neighboring residues. 

It is evident that the region B13-C5 accommodates heme 
in domain El and that the sequence preceding it forms an 
equivalent of the B helix with glycine at the AB turn. The 
characters of the well conserved BIO (leucine) and B12 (ar¬ 
ginine), the latter preceding the exon boundary in vertebrate 
globins, are presented by phenylalanine and lysine, respec¬ 
tively. The totality of the sequence in the heme environment 
supports the identification of the B and C helices in El. The 
B6 glycine, characteristic of virtually all globins, permits close 
crossing of the B and E helices. 

Regions CD and D (Residues 50-63) —The CD region dis¬ 
plays the highly conserved sequence Phe-X-X-Phe. There¬ 
after, the sequence is 1 residue shorter than myoglobin before 
the recognizable start of the E helix, leading us to question 
whether a D helix, which is small in myoglobin and non¬ 
existent in a globins, exists. By use of BRUGEL the best 
match to our sequence from CDl to E4, of the same length, 
was found to be the equivalent region of Chironomus globin 
IIIA. The Chironomus segment was fitted into myoglobin, and 
its side chains were changed where necessary to match domain 
El. The fit was excellent, showing the El sequence to be 
compatible with a CD structure and D helix of the myoglobin 
or fl globin type, the 1-residue deficiency being taken up in 
the vicinity of D3 (Fig. 9). The only necessary accommodation 
was to rotate the side chain of phenylalanine D4, which was 


otherwise within 0.167 nm of glutamine CD8 (between closest 
atomic centers). Two instances of structural exchange were 
striking (Fig. 9): the side chain of the new leucine at D5 took 
the place of the myoglobin leucine at CD7, and the new D1 
leucine similarly replaced D5 methionine. 

Helix E (Residues 64-83) —The highly conserved valine at 
Ell, adjacent to the heme, reinforces the assignment of the 
histidine, 4 residues earlier, as the 6th heme ligand at location 
E7. On the other hand, the highly conserved E5 lysine and 
E8 glycine are both substituted by alanine and threonine, 
respectively; however, these are concerned with a different 
structural problem of the juxtaposition of helices B and E. 
Taking E7 and Ell as fixing the orientation of the E helix 
relative to the heme, it is interesting to find the sequence Ser- 
Pro-Lys, which is conducive to the start of a helix, then 
corresponding in location to the Asn-Pro-Lys start of the E 
helix in 3 globins. Furthermore, with the exception of E5 and 
E8 the overall homology with the 3 globin chains is distinct, 
confirming the presence of an E helix. The substitutions at 



Fig. 9. The CD and D region. The CD and D region of Artemia 
domain El was modeled with BRUGEL as described under “Materials 
and Methods.”-, Artemia domain El;-, sperm whale myoglo¬ 

bin. 
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Fig. 7. Alignment of the amino acid sequence of Artemia domain El with the sequences of sperm 
whale myoglobin and Chironomus globin IIIA; the standard numbering system based on myoglobin is 
used. 
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Fig. 10. The FG and G region. The 
FG and G region of Artemia domain El 
was modeled with BRUGEL as described 

under “Materials and Methods.”-, 

Artemia domain El;-, sperm whale 

myoglobin. 
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E5 and E8 could suggest a slightly changed relationship of 
the B and E helices to each other and may be related to the 
substitution of the conservative BIO and B12 residues. 

EF Turn and F Helix (Residues 84-105) —Reference points 
locating the putative F helix are the obligatory histidine 5th 
heme ligand at F8 and the conservative F4 leucine one turn 
earlier. Having positioned the E and F helices in terms of the 
two critical sites E7/E11 and F4/F8, the sequence between 
them is found to be 4 residues longer than in mammalian 
myoglobins and hemoglobins. The E and F helices are con¬ 
served throughout the globins. Thus, the extra residues indi¬ 
cate the possibility of an extended EF turn, but a good match 
could not be found in the data base. This is one of the most 
variable regions among globins, Chironomus globin IX being 
longer still (Fig. 8). 

FG Turn and G Helix to G6 (Residues 106-114) —Since F 
and G helices can be identified from the sequence by a 
combination of structure prediction and alignment, the FG 
turn can be seen to be 1 residue shorter than myoglobin. By 
modeling with BRUGEL over the region from F5 to G5, 
Chironomus globin IIIA again provides the best fit, and a 
striking functional substitution is predicted (Fig. 10). The 
single turn of i r conformation terminating the F helix in 
myoglobin is substituted with a tighter 3 10 conformation, 
thereby omitting FGl and shifting an arginine into location 
FG2, where it is positioned to perform the role of H bonding 
to the heme propionate group previously performed by a 
histidine in myoglobin. 

The threonine assigned to FG4 and the valine at G5 are 
the only residues in the molecule to contradict a “severe” 
constraint on side chain character at a buried site in the 
template of Bashford et al. (35). However, examination of the 
three-dimensional structure with BRUGEL shows these 2 
residues to be adjacent, packed against the heme, and also 
forming a small interior cavity with the side chain of H19. 
The effect of both replacements is to enlarge slightly this 
cavity and to introduce some clearance where the heme should 
be in contact with the protein. However, it is notable that in 
Chironomus globin IIIA the heme is inverted about an axis 
drawn between the two propionate residues and also tilted to 
an extent that would displace the edge of its ring about 0.13 
nm in the direction of the retracted contact. Examination of 
all of the contacts between heme and protein in the sequence 
of domain El showed that none is incompatible with the 
orientation and disposition of the heme being similar to that 
in Chironomus globin IIIA as a model. 

G7 to C-terminal (Residues 115-147) —Alignment of the last 
quarter of the sequence is more problematic because of the 
absence of strictly conserved residues and meager correspond¬ 


ence to other chains. The latter is characteristic of inverte¬ 
brate globins (2, 12). It is noteworthy that the sequence from 
G7 corresponds in vertebrate globins to the exon 3 product 
(13). 

Nevertheless, lengthwise comparison with myoglobin from 
the start of the G helix places residues of the highest accept¬ 
ability (zero penalty) in terms of the Bashford (35) template 
II at Gl, G6, G8, G9, G10, G12, Gl5, G16, and G17, i.e. all 
templated G residues except G5, where the penalty for a 
leucine to valine substitution is in the lowest category (despite 
the “severe” constraint). Continuation of this alignment po¬ 
sitions a phenylalanine at GH5, where phenylalanine is highly 
conserved in mammalian and some other globins. 

An alternative candidate for GH5 occurs 5 residues earlier 
if the sequence Ser-Val-Asp-Glu-Phe is advanced into the 
GH corner. This could result in a more convincing local 
homology with ft globins; however, the consequent shortening 
of the G helix is not found in any major globin group (35). 
Furthermore, this alternative phenylalanine is not present in 
the partially sequenced analogous domain, peptide E7. 2 The 
compensating increase in H helix that would result is not 
sought since an exposed H helix adapted to the linking of 
domains is expected to have been preferentially hydrolyzed, 
leaving a shortened domain. 

Morphological Comparison between Domain El and Myoglo¬ 
bin —While clearly the two molecules are superficially related 
in morphology, the detailed differences reveal adaptations to 
the requirements of Artemia. 

An aggregated oxygen carrier has several advantages to an 
organism without erythrocytes. It minimizes unintentional 
excretion, provides local high concentrations of active sites 
with increased thermodynamic efficiency, and facilitates al¬ 
losteric interaction. In Artemia hemoglobin a particle weight 
of 260,000 is achieved by noncovalent association of M r 
130,000 molecules, each containing eight functional domains, 
of which peptide El substantially comprises one. This domain 
is not necessarily either the first or last in sequence, and the 
likelihood is that domain-linking sequences are present at 
each end but may be incomplete. It will be necessary to 
assemble the complete sequence of the presumed 8-domain 
covalent structure before the domain-linking sequences, of 
which the vestigial H helix may form part, can be identified. 
Similarly, the 9-residue sequence at the N-terminal of our 
peptide, the pre-A region, is unfavorable to helical confor¬ 
mation and likely to be assigned a domain-linking function 
when more sequence is available. 

A comparison of the hydropathicity lots of domain El and 


2 L. Moens, unpublished data. 
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myoglobin by the method of Kyte and Doolittle (36) shows 
regions of similarity and other regions of contrast (Fig. 11). 
The most striking difference is observed in the CD and D 
region, where domain El is considerably more hydrophobic 
than myoglobin. In domain El the G helix is more hydrophilic 
and in the early H helix it is more hydrophobic than myoglo¬ 
bin. These differences may reflect an interdomain or inter¬ 
subunit association in Artemia hemoglobin that is not rele¬ 
vant to myoglobin. 

At the crossing of the B and E helices a subtle deviation is 
evident compared with the classic myoglobin structure where 
B6 glycine and E8 glycine permit close juxtaposition of the 
two helices; in domain El a threonine replaces glycine at E8. 
Modeling suggests that a rotation of threonine E8 permits 
close packing of the B and E helices. The retention of many 
conserved residues in the heme environment, i.e. B13-B14, 
C1-C3, the invariant CD1, CD4, E7, and Ell, makes it certain 
that helices B and E have a myoglobin-like relationship to 
each other and that a fine difference distinguishes domain El 
from myoglobin at this crossing. 

We conclude that the alignment of the sequence of Artemia 
domain El with other globins points to the functional con¬ 
servation of the residues essential to the myoglobin fold. The 
success of modeling the El sequence to the myoglobin tem¬ 
plate reinforces the conclusion that a myoglobin fold is indeed 
present in El. Physical and chemical measurements have 
shown the Artemia hemoglobin to contain subunits of eight 
domains (Table 1). The ability to translate poly(A + ) RNA 
and obtain globin chains of M, 130,000 in reticulocyte lysate 
or Xenopus oocyte (37), together with the low cysteine content 
of the molecule (14), indicates that the intact subunit is a 
single translation product rather than linked by disulfide 
bridges or other post-translational modification. The large 
(minimum 23 S) size of the mRNA together with the protein 
structure of Artemia globin is suggestive of a gene structure 
unlike other globins. 

This is the first demonstration of the presence of a myoglo¬ 
bin folded structure in a globin of this category. 
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Amino Acid Sequence of Structural Domain of Artemia Globin Chains 
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il 20 30 40 30 60 70 BO 90 »OO 

* O 12 13 P A lO C? 9 CO 4 7 D t 3 70 1 1 

MB ALPHA V L SAAOKTMVKAAUSKVG G MAGE Y C.flE AL CRHf L O FPflKTT F PMF DLS M G SAOUK AMOK K UGOoL T L AUG 

MB BETA VOL SOEEKAAVLALWPKV NCPC9CCCALRRLLVV tPUTORF FOSFGPLS MPOAVMO NPKUKAHCKKVLHSFGEGVM 

MrO WHALE V L SCGEWOLVLMVUAKVE A OVAL: GOP IL IKL F K 3 HFCTLEK FDRPKMLK TCAEHKA SE DLKKMGVT VL T ALGA ILK 

ARTEMIA Cl CRVOPIT O L SOLEKNA IL O T UOKOR G NLOEW.RATf r.KLF AA MFCYOOH FRFFOOVQ LA FLVO SPKFAAHTnpWSALDOTLL 

CHIRON III L SADOISTVOASFpKVK G DPVGILYAVFKA OPS1MAK FTOFAOKD LC S1KO TAPFETMANRIVGFFSMIG 

CHIRON. I* DP V SSPCAMAIRA5WAGVK MN EV DlLAAVFSn MFPIOAR FPOFAGKD LA SIKO TGAFATMAGRIVGT1SEIUA 

PCTROHYZON PIVOTOSUAPL SAAEKTKIRSAUAFUY S NYETSGVD1LVKFFTS TPAAQEF FPKFKOLT TAPOLKK SADURMHAERIINAUNDnVA 

SCAPHARCA P3VYDAA AOL T ADVKK DL R PSWK VIO S DKKGMGVAt.Ml VLFAO HOETIGY FKRLGNVS DOHA N PK LRGMSI TLMYALONF I D 

APLYSIA S L 3AAEAPLAGK SUAFVF A MKNANGAOFLVALFCK FPPSANF FAPFRGKS VAP 1KA SPKL ROVSSRIFTRLWCVH 

ANAPARA PSVOOAA AOC TADVKKBLRPSUKVLO S DKKGPGMaLMT 1 LFNP HOE TI AY FKRMGDVS OGMA NSKLRCH5ITLMYALONFID 

OLYCCRA O L SAAOROVIAATUKDIA G NPMCAGWKPlL 1KHLSA NPOHAAV) F OFSO AS PPAVAPLGAKVLAZICVAVS 

TYLO 1 TDCOl L ORIKVKOOUAOUYSV G E 5R T PF AI PVF WMF FRY NS'P R5L FNRVNGON VYS PEEK AHMUR UF AGE PILIG 

LUHRRICUS KKOCOV L COLKVKSEUGRAYGS G HDREAF SO A1URAT F AO VPESRSL FKRVHGDM TSP PAFIAHAERVLGGLPI A 1 3 

V1TREO N L DOOTINI IKATVPVLK C Mr.WII T T tFYANIFAK HFEVRCL F DMGRUf. S LFOP KAL AMT WL AAAONIE NL P AILF A 

LEO—HR OA L TESOAALVKSSWEEFN A NI PKHTHRf F ILVLE 1 APAAKPC F3 FLK G TSEVPOM HF EL OAHAGKUFKLV Y E A*I 


MR ALPHA 
MR RETA 
MYO WHALE 
ARTEMIA El 
CHIRON III 
CHIRON. IX 
PCTROHYZON 
SCAPHARCA 
APLYSIA 
ANADARA 
OLYCERA 
TYLO 1 
LUMBRICUS 
VITRCO 
LEO—HR 


ML O DLPOA 

ML D MLKOT 

K K OHHEAE 

AL N RPSDOFVYH 

CL P NIEAO 

LV O NESNAPAHATL 

SM OOTCKHS 
OLDMPODLVCV 
DAANAGKMSAM 
OL OS TOOLICV 
ML OOZGKHVAQ 
VL 0 OKPVLOQA 

TL P OPATLKEE 

VK K 1AVKMC 

OLEVTOVVASPAT 


LSMLSDLMAH 

FAALSELHCD 

LKPLAOSMAT 

UNTFUBSHKP 
INCLSTSMMN 
MKNLSGHHAR 
VEKFAVNMIT 
LSOFAKEMVO 
VEKFAVNHIT 
HKAVGVRHKO 
lahyaafhko 

L DMLQVOHCO 
OAGVAAAHYP 
LKNLGSVMVS 


KL RV PPVNFKLLSMCLLSTLAVH 
KL MV DPENFRLLfiNVLVMVL ARM 
KM KI PIKYLEEISEAIIMVLHSR 
R or ORSFUEYLKESLGDSVOEF 
R GV THpOLNNFRAOFVSYMKAM 
R G I TKGI1FHEF RGSL VSYLSSM 
SF OV DPOYFK VL AAOIA RTUAAG 
R KI SAAEFGKI MOP IKKVLAGK 
FO V aSAOFENORSMFFGFOASV 
R KI 5GAEFGKINGFMKKVLA5K 
YGNKM I KGOYFEPLGASLLSAMEMR 
F GTI FFKAFGOTHFOTIAEH1MG 
R KI P OH Y F PAF K T A I LHVVA AO 
I V GOELLGAIKEVLGDAATPPI 
KO V APAHFPVVKEAILKTtKEV 


TPAVHASLOKFL SS VSTVL TSK YR 
TPELOASYOKVV AO VANALAHKYH 
GAPAODAMNKAL ELFRKplAAKYKELGYQO 
GEVIUNFLNEGL ROA 
A GACAAWGATLDTFF OH1FSKH 
NDATAOAUTMGLDNIF GMIFAHL 
OAGFCKLM SMICILLRSAY 
YAMAUAKLVAVVOflOL 
PAGADAUTK L FGLIIDALKAAGK 
YANAUAKLVGVVQAAL 
HAAAK PAWAAAY AP ISGALISGLOS 

IGAWRACYAEOIVTGITA 
YSNNEEIMPAIACPGFaRVLPOVLERGIKGMH 
G KAYGVIADVF IO VEAPLYAOAUC 
SEELHSAWTIAY DEL AI V IKK E MPPAA 

















